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(57) The present specification discloses a polymer 
electrolyte fuel cell comprising a stack containing a plu- 
rality of unit cells laminated, compressed and retained 
via a retaining plate, the unit cell comprising a pair of 
electrodes sandwiching a polymer electrolyte mem- 
brane therebetween and a conductive separator plates 
having a gas supply channel on at least one surface 
thereof and sandwiching the electrodes therebetween, 
wherein the retaining plate forms a gap between the unit 
cells. According to the fuel cell of the present invention, 
it is possible to readily remove a defective unit cell from 
the stack and replace the same. 
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Description 

Technical Field 

[0001] The present invention relates to a polymer 5 
electrolyte fuel cell and a method of using the same. 

Background Art 

[0002] A polymer electrolyte fuel cell simultaneously 10 
generates electric power and heat by electrochemically 
reacting a fuel gas such as hydrogen and an oxidant gas 
such as air at gas diffusion electrodes. A typical struc- 
ture of such a polymer electrolyte fuel cell is shown in 
FIG. 1. FIG. 1 is a partial sectional view schematically *5 
showing a conventional polymer electrolyte fuel cell. 
[0003] In FIG. 1 , onto both surfaces of a polymer elec- 
trolyte membrane 11 for selectively transporting hydro- 
gen ions, catalytic reaction layers 12 each of which is 
mainly composed of a carbon powder with a platinum 20 
metal catalyst carried thereon are closely attached. Fur- 
ther, onto the outer surfaces of the catalytic reaction lay- 
ers 1 2, a pair of gas diffusion layers 1 3 each having both 
gas permeability and electronic conductivity are closely 
attached. The diffusion layer 13 and the catalyst layer 25 
12 constitute an electrode 14. 

[0004] Also, disposed outside the electrode 14 are 
conductive separator plates 17, which mechanically fix 
an electrolyte membrane and electrode assembly 15 
(hereinafter, referred to as n MEA w ) formed by the elec- 30 
trode 14 and the polymer electrolyte membrane 11, 
while connecting adjacent MEAs electrically in series, 
and which have a gas flow channel 16 on at least one 
surface thereof for supplying a reacting gas to the elec- 
trode 14 and carrying away a gas generated by the re- 35 
action and the remaining excess gas. Although the gas 
flow channel 16 can be provided separately from the 
separator plate 17, grooves are usually formed on the 
separator plate 17 to serve as the gas flow channel. 
[0005] Further, on the other surface of the separator 40 
plate 17, which has the gas flow channel 16 on one sur- 
face thereof, a cooling water flow channel 18 for circu- 
lating a cooling water is formed in order to keep the cell 
temperature constant. By circulating a cooling water 
through this cooling water flow channel 1 8, thermal en- 45 
ergy generated by the cell reaction can be utilized, for 
example, in the form of warm water. 
[0006] As such a laminated-type cell, a so-called in- 
ternal manifold type is common, in which a gas supply 
aperture, a gas discharge aperture, a cooling water sup- 50 
ply aperture and a cooling water discharge aperture are 
secured inside the laminated cell. Here, FIG. 2 shows a 
schematic perspective view of a cell module comprising 
two unit cells in an internal manifold type polymer elec- 
trolyte fuel cell. 55 
[0007] As is shown in FIG. 2, a polymer electrolyte 
membrane 21, a catalytic reaction layer 22, a diffusion 
layer 23 and a separator plate 24 are laminated to form 



a unit cell, and a gas flow channel 25 is formed on the 
separator plate 24. Then, a manifold 26, through which 
a gas is supplied to or discharged from the cell, and a 
manifold 27, through which water for cooling the cell is 
supplied or discharged, are formed. 
[0008] Further, in the above polymer electrolyte fuel 
cell, it is necessary to clamp the entire stack constantly 
in order to decrease an electrical contact resistance be- 
tween the components such as bipolar plates disposed 
in a stack obtained by laminating unit cells. For this pur- 
pose, it is effective to provide two end plates on both 
ends of the stack obtained by laminating many unit cells 
in one direction, and fix the stack between the two end 
plates by means of a clamping member. Also, it is pre- 
ferred to clamp the stack on the whole surface of each 
unit cell as uniformly as possible, and a metal material 
such as stainless steel is generally used as the clamping 
member for the end plates orthe like from the standpoint 
of the mechanical strength. 

[0009] However, in the above polymer electrolyte fuel 
cell, a plurality of unit cells are laminated electrically in 
series, so that the performance of the fuel cell as a whole 
is deteriorated when only one unit cell of low perform- 
ance due to a manufacturing failure or one unit cell 
whose performance has been deteriorated during the 
operation of the cell is present in the stack. Additionally, 
since the above polymer electrolyte fuel cell stack is 
constantly clamped from both ends, it is difficult to re- 
move a unit cell of low performance alone and replace 
the same. 

[0010] Therefore, the present invention provides a 
polymer electrolyte fuel cell which allows an easy re- 
moval of a defective unit cell from the stack and the re- 
placement thereof and the method of using the same. 

Disclosure of Invention 

[0011] In order to achieve the foregoing object, the 
present invention provides a polymer electrolyte fuel 
comprising a stack containing a plurality of unit cells 
laminated, compressed and retained via a retaining 
plate, the cell comprising a pair of electrodes sandwich- 
ing a polymer electrolyte membrane therebetween and 
conductive separator plates having a gas flow channel 
on at least one surface thereof and sandwiching the 
above electrodes, wherein the retaining plate forms a 
gap between the unit cells. 

[0012] In the above fuel cell, it is effective that the re- 
taining plate is composed of two plates each having an 
undulate cross section and has hollow sections which 
are separated from one another, and a cooling water 
flows through the hollow sections between the unit cells. 
In other words, it is effective that the retaining plate func- 
tions as a cooling water flow channel. 
[001 3] It is also effective that the conductive separator 
plate is provided for every two unit cells and has a cool- 
ing water flow channel, and the retaining plate is provid- 
ed for every one cell module comprising a plurality of 
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the above unit cells. 

[0014] Further, it is effective that the fuel cell compris- 
es a voltage measurement jig and a voltage display de- 
vice for the unit cell. 

[001 5] Further, the present invention also relates to a 
method of using the above fuel cell. 
[001 6] More specifically, the present invention also re- 
lates to a method of using a polymer electrolyte fuel cell 
comprising: a stack containing a plurality of unit cells 
laminated, compressed and retained via a retaining 
plate, the unit cell comprising a pair of electrodes sand- 
wiching a polymer electrolyte membrane therebetween 
and conductive separator plates having a gas supply 
channel on at least one surface thereof and sandwiching 
the above electrodes; a voltage measurement jig; and 
a voltage display device for the above unit cell, wherein 
the retaining plate forms a gap between the unit cells or 
between the cell modules each comprising a plurality of 
the unit cells, 

the method comprising the steps of: measuring 
the voltage of the unit cell or the cell module; and re- 
placing the unit cell or the cell module when the voltage 
of the unit cell or the cell module is detected to be pre- 
determined value or less. 

[0017] According^o this using method, it is possible 
to readily replace a defective unit cell or a cell module 
comprising a plurality of such unit cells in a polymer elec- 
trolyte fuel cell stack. 

Brief Description of Drawings 

[0018] 

FIG. 1 is a partial sectional view schematically 
showing a conventional polymer electrolyte fuel 
cell. 

FIG. 2 is a schematic perspective view of a cell mod- 
ule comprising two unit cells in an internal manifold 
type polymer electrolyte fuel cell. 
FIG. 3 is a diagram illustrating a method of produc- 
ing a polymer electrolyte fuel cell in accordance with 
the present invention. 

FIG. 4 is a schematic perspective view of the poly- 
mer electrolyte fuel cell produced in Example 1. 
FIG. 5 is a schematic sectional view of a relevant 
part of the fuel cell of the present invention shown 
in FIG. 4. 

FIG. 6 is a graph showing the performance of the 
polymer electrolyte fuel cell of Example 1 . 
FIG. 7 is a schematic sectional view of a relevant 
part of the polymer electrolyte fuel cell produced in 
Example 2. 

Best Mode for Carrying Out the Invention 

[0019] The present invention provides a polymer elec- 
trolyte fuel cell comprising a stack containing a plurality 
of unit cells laminated, compressed and retained via a 



retaining plate, the unit cell comprising a pair of elec- 
trodes sandwiching a polymer electrolyte membrane 
therebetween and conductive separator plates having 
a gas supply channel on at least one surface thereof 

5 and sandwiching the electrodes, wherein the retaining 
plate forms a gap between the unit cells. 
[0020] By forming a gap between the unit ceils by 
means of the retaining plate in this manner, a unit cell 
with a defect such as decreased voltage can be readily 

10 removed from the stack and replaced with a new unit 
cell. 

[0021] Herein, descriptions will be made on the retain- 
ing plate. The material, which constitutes the retaining 
plate used in the present invention, is not particularly 

15 restricted as long as it has conductivity so as to de- 
crease an electrical contact resistance and to prevent 
the insulation between unit cells, is capable of fixing the 
unit cells in the stack and is not damaged by the pres- 
sure in the laminating direction of the stack. Specific ex- 

20 amples of such material include, for instance, metal 
such as stainless steel (SUS). 

[0022] Also, the shape of the retaining plate is not par- 
ticularly restricted as long as it is a shape capable of 
forming a gap between the unit cells while allowing the 

25 removal and installation of the unit cell from and in the 
stack. Examples of the shape of the cross section in- 
clude, for instance, undulate, saw blade and concavo- 
convex. Additionally, a porous metallic material such as 
a spongy metal or a compressing jig composed of two 

30 metal plates with a spring interposed therebetween, can 
also be used in order to form a gap in the present inven- 
tion. 

[0023] Further, in the present invention, it is preferred 
to use, as the retaining plate, a retaining plate which is 

35 formed by bonding together two plates having an undu- 
late cross section at the ridges of the plates and which 
has hollow sections that are separated from one anoth- 
er. Since the hollow sections are also separated from 
other constituting elements of the stack, the retaining 

40 plate can function as a cooling water flow channel by 
allowing a cooling water to flow through a part of the 
plural hollow sections. In this case, the cooling water is 
allowed to flow especially through the hollow sections 
located at the center of the retaining plate. 

45 [0024] Also, a cooling water, an oxidant gas and a fuel 
gas may be supplied and discharged through the man- 
ifolds disposed at the sides of the stack. 
[0025] When the retaining plate composed of two 
plates is used in this manner, there is a fear that the 

50 compactness may become inferior, as compared with a 
common stack structure in which unit cells are laminated 
and then compressed from both ends; however, the 
compactness can be maintained by utilizing, as the cool- 
ing water flow channel, the inner hollow sections formed 

55 by placing the two plates each having an undulate cross 
section one upon another. 

[0026] Also, in a polymer electrolyte fuel cell of the 
present invention, the retaining plate may be provided 
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for every one unit cell supported by conductive separa- 
tors at the top and bottom thereof (the details will be 
described later with reference to FIG. 5), or alternatively, 
the retaining plate may be provided for every two unit 
cells. In the case of the latter, for example, the conduc- 5 
tive separator disposed between the two unit cells may 
be provided with a gas flow channel on the both surfaces 
thereof, the conductive separator disposed at the top or 
bottom of each of the two unit cells may be provided with 
a gas flow channel on one surface thereof, and the re- n> 
taining plate may be disposed between the cell modules 
each comprising two unit cells. 

[0027] However, the number of unit cells included in 
the eel! module comprising a plurality of unit cells is not 
particularly restricted, and the retaining plate may be *5 
disposed between the cell modules each comprising a 
plurality of the unit cells, while forming the cooling water 
flow channel between the conductive separators, as will 
be explained later with reference to FIG. 7. In addition, 
the retaining plate also forms a cooling water flow chan- 20 
nel in FIG. 7. 

[0028] As discussed above, the provision of the re- 
taining plate between the unit cells or the cell modules 
each comprising a plurality of unit cells is advantageous 
in that it allows the replacement of the unit cells or the 25 
cell modules. 

[0029] Therefore, it is effective that a polymer electro- 
lyte fuel cell of the present invention comprises a voltage 
measurement device and a voltage display device for 
the unit cell. By providing such voltage measurement 30 
device and voltage display device, it is possible to quick- 
ly and precisely detect and replace a defective unit cell 
with decreased voltage or a cell module comprising the 
above unit cell. 

[0030] Further, a polymer electrolyte fuel cell of the 35 
present invention may adopt a conventional structure in 
which a stack comprising the unit cell, the conductive 
separator and the retaining plate laminated is clamped, 
while being compressed, at the both ends in the lami- 
nating direction thereof to be fixed. In this case, if un- *o 
clamped, the unit cell or the cell module can be replaced. 
Also, by adopting another structure in which the fuel cell 
is formed by inserting a stack into a cabinet having a 
predetermined dimension, the unit cells or the cell mod- 
ules aligned in one direction can be removed and in- 45 
stalled from one side of the cabinet of the stack, for ex- 
ample. 

[0031] Additionally, as for the manifold used for sup- 
plying and discharging a gas and a cooling water, a so- 
called external manifold may be used as described so 
above. 

[0032] Further, the present invention also relates to a 
method of using the above fuel cell. 
[0033] More specifically, the present invention also re- 
fates to a method of using a polymer electrolyte fuel cell 55 
comprising: a stack containing a plurality of unit cells 
laminated, compressed and retained via a retaining 
plate, the unit cell comprising a pair of electrodes sand- 



wiching a polymer electrolyte membrane therebetween 
and conductive separator plates having a gas supply 
channel on at least one surface thereof and sandwiching 
the electrodes therebetween; a voltage measurement 
jig; and a voltage display device for the unit cell, wherein 
the retaining plate forms a gap between the unit cells or 
between cell modules each comprising a plurality of the 
unit cells, the method comprising the steps of: measur- 
ing the voltage of the unit cell or the cell module; and 
replacing the unit cell or the cell module when the above 
voltage of the unit cell or the cell module is detected to 
be predetermined value or less. 
[0034] In the following, a polymer electrolyte fuel cell 
of the present invention will be more concretely de- 
scribed with reference to drawings. However, the 
present invention is not limited to these. 

Example 1 

[0035] A method of producing a fuel cell in accord- 
ance with the present invention will be described with 
reference to FIG. 3. 

[0036] FIG. 3 is a diagram illustrating a method of pro- 
ducing a polymer electrolyte fuel cell in accordance with 
the present invention. 

[0037] First, a carbon powder having a particle size of 
several microns or less is immersed in an aqueous so- 
lution in which equimolar chloroplatinic acid and ruthe- 
nium chloride acid were dissolved, and a platinum-ru- 
thenium catalyst was carried on the surface of the car- 
bon powder by reduction. Here, the weight ratio be- 
tween carbon and the carried catalyst was 1:1. Subse- 
quently, the catalyst carrying carbon powder was dis- 
persed in an alcohol solution of a polymer electrolyte to 
yield a slurry. 

[0038] Meanwhile, a carbon paper having a thickness 
of 400 um serving as the electrode base material (diffu- 
sion layer) was impregnated with an aqueous dispersion 
of a fluorocarbon resin (Neoflon ND-1 manufactured by 
DAIKIN INDUSTRIES, Ltd.), and it was then dried and 
heat-treated at 400°C for 30 minutes to impart water re- 
pellency to the carbon paper. 

[0039] Next, the slurry containing the carbon powder 
was uniformly applied onto one surface of the carbon 
paper serving as a diffusion layer, which had been sub- 
jected to water repellency, to form a catalytic reaction 
layer, thereby obtaining an electrode comprising the dif- 
fusion layer and the catalytic reaction layer. 
[0040] Then, as indicated with (a) in FIG. 3, two 
sheets of an electrode 33 comprising a diffusion layer 
31 and a catalytic reaction layer 32 were placed on both 
surfaces of a polymer electrolyte membrane 34 having 
a bigger dimension than the electrode 33 in such a man- 
ner that each of the surfaces having the catalytic reac- 
tion layer 32 was faced with the polymer electrolyte 
membrane 34 and positioned at the center of the poly- 
mer electrolyte membrane 34, and a gasket 38 made of 
silicone rubber was further provided. Thereafter, it was 
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hot-pressed at 100°C for 5 minutes to obtain an electro- 
lyte membrane and electrode assembly (MEA) 35. Sub- 
sequently, the MEA 35 was cut into a size having a 
length of 20 cm and a width of 1 0 cm. 
[0041] As indicated with (b) in FIG. 3, the obtained 
MEA 35 was sandwiched by a pair of separator plates 
36 to give a unit cell. As the separator plates 36, ones 
made of carbon having air-tightness and a thickness of 
4 mm were used. Also, on the surfaces of the separator 
plates 36 in contact with the MEA 35, a gas flow channel 
having a width of 2 mm and a depth of 1 mm was formed 
by cutting. 

[0042] As the end plates disposed at the top and bot- 
tom which form a stack comprising unit cells, end plates 
made of SUS were used, and a retaining plate 37 com- 
posed of two plates was arranged parallel to these end 
plates at regular intervals so as to form a frame into 
which the unit cell was to be inserted. As the retaining 
plate 37, an SUS plate having an undulate cross section 
was used, whose surface had been coated with 3 u.m of 
Au plating for improving the corrosion resistance and 
decreasing the contact resistance. 
[0043] In the fuel cell of this example, 30 frames were 
formed, each of which a unit cell could be inserted into, 
and manifolds 41 and 42 were disposed on both sides 
of the stack via an insulating material 43 and a gasket 
44 as shown in FIG. 4. Through the manifolds 41 and 
42, hydrogen, air and a cooling water were supplied and 
discharged. FIG. 4 is a schematic perspective view of 
the polymer electrolyte fuel cell produced in this exam- 
ple. 

[0044] Also, FIG. 5 shows a schematic sectional view 
of a relevant part of the fuel cell of the present invention 
shown in FIG. 4. In a retaining plate 60 composed of two 
plates each having an undulate cross section, only sev- 
eral aligned hollow sections at the center, where the 
manifold 42 for a cooling water was in contact with the 
cross section of the retaining plate 60, were used as the 
cooling water flow channel, among a plurality of aligned 
hollow sections which were separated from one another. 
[0045] On the fuel cell produced in the above manner, 
a performance test was conducted by using a simulated 
reformed gas (80 % by volume of hydrogen, 20 % by 
volume of carbon dioxide and 100 ppm of carbon mon- 
oxide) as a fuel gas and air as an oxidant gas. The per- 
formance test was conducted by means of a gas humid- 
ifier, under the conditions of a hydrogen utilization ratio 
of 70%, an oxygen utilization ratio of 20%, a bubbler 
temperature for humidifying hydrogen of 85°C, a bub- 
bler temperature for humidifying air of 75°C, a cell tem- 
perature of 75°C and a current density of 0.7 A/cm 2 . In 
this performance test, the operation of the cell was per- 
formed while measuring the voltage of each unit cell, 
and after the start of the operation, a unit cell whose 
closed circuit voltage dropped to 0.4 V was taken out 
and a new unit cell was inserted to continue the opera- 
tion of the cell. Herein, the operation was suspended 
during the replacement of the unit cell. FIG. 6 shows the 



relation between the time at which the replacement of 
the unit cell was conducted after the start of the opera- 
tion of the fabricated fuel cell and the closed circuit volt- 
age of the fuel cell. Additionally, FIG. 6 shows the per- 

5 formance of the fuel cell in the case where the operation 
was continuously performed without conducting the 
above replacement, for comparison. FIG. 6 demon- 
strates that according to the present invention, it is pos- 
sible to readily replace a unit cell with deteriorated per- 

10 formance thereby to maintain the performance of the fu- 
el cell for a long period. 

Example 2 

15 [0046] A cell module comprising a plurality of unit cells 
was configured, and a polymer electrolyte fuel cell which 
allowed the replacement of the entire cell module was 
fabricated by using the retaining plate 37 composed of 
two plates each having an undulate cross section, as in 

20 Example 1 . FIG. 7 shows a schematic sectional view of 
a relevant part of the polymer electrolyte fuel cell pro- 
duced in this example. 

[0047] In this example, four unit cells were included 
in one cell module, and a fuel cell comprising eight cell 

25 modules, i.e., 32 unit cells, was fabricated. In order to 
reduce the variation of temperature among the unit cells, 
one cell module was designed such that every two unit 
cells were disposed between cooling water flow chan- 
nels 78 and 78' in the cell module. Both a cooling water 

30 flowing through the cell module and a cooling water flow- 
ing through the cooling water flow channel 78' com- 
posed of the hollow sections in a retaining plate 80 were 
supplied and discharged through the cooling water man- 
ifolds. 

35 [0048] The rest of the structure was the same as that 
of the fuel cell of Example 1 shown in FIG. 5. In FIG. 7, 
numeral 71 denotes a polymer electrolyte membrane, 
numeral 72 denotes a catalytic reaction layer, numeral 
73 denotes a diffusion layer, numeral 74 denotes an 

40 electrode and numeral 75 denotes an MEA. 

[0049] On the fuel cell fabricated in the above man ner, 
a performance test was conducted by using a simulated 
reformed gas (80 % by volume of hydrogen, 20 % by 
volume of carbon dioxide and 100 ppm of carbon mon- 

45 oxide) as a fuel gas and air as an oxidant gas. The per- 
formance test was conducted as in Example 1, under 
the conditions of a hydrogen utilization ratio of 70%, an 
oxygen utilization ratio of 20%, a bubbler temperature 
for humidifying hydrogen of 85°C, a bubbler tempera- 

50 ture for humidifying air of 75°C, a cell temperature of 
75°C and a current density of 0.7 A/cm 2 . Also, in the 
test, the operation of the cell was performed while meas- 
uring the voltage of each unit cell, and after the start of 
the operation, the cell module including a unit cell, 

55 whose closed circuit voltage dropped to 0.4 V, was taken 
out and a new cell module was inserted to continue the 
operation of the cell. 

[0050] After the replacement of the module was con- 
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ducted twice, the voltage of the fuel cell which had been 
operated for a cumulative total of 1600 hours dropped 
to 1 8.91 V, whereas the initial voltage was 1 9.11 V, con- 
firming that a high performance was maintained for a 
long period. From this result, it was confirmed that the 
cell stack as a whole maintained a high performance 
over a long period by replacing a unit cell with deterio- 
rated performance. 

[0051] Here, an example was shown in the case of 
replacing a unit cell whose performance had been de- 
teriorated during the operation of fuel cell; however, by 
adopting the structure of this example and applying it to, 
for instance, the final product check during the manu- 
facturing of the fuel cell at a factory and replace only 
those unit cells with deteriorated performance, it is pos- 
sible to reduce the manufacturing cost significantly. 

Industrial Applicability 

[0052] The polymer electrolyte fuel cell and the meth- 
od of using the same in accordance with the present in- 
vention allow an easy replacement of a defective unit 
cell or cell module comprising such unit cells, and there- 
fore, they are expected to be applicable not only in a 
manufacturing situation of fuel cells but also at home. 



5. A method of using a polymer electrolyte fuel cell 
comprising: a stack containing a plurality of unit 
cells laminated, compressed and retained via a re- 
taining plate, said unit cell comprising a pair of elec- 
trodes sandwiching a polymer electrolyte mem- 
brane therebetween and conductive separator 
plates having a gas supply channel on at least one 
surface thereof and sandwiching said electrodes 
therebetween; a voltage measurement jig; and a 
voltage display device for said unit cell, wherein 
said retaining plate forms a gap between said unit 
cells or between cell modules each comprising a 
plurality of said unit cells, said method comprising 
the steps of: 

measuring a voltage of said unit cell or said cell 
module; and 

replacing said unit cell orsaid cell module when 
said voltage of said unit cell or said cell module 
is detected to be a predetermined value or less. 



Claims 



1. A polymer electrolyte fuel cell comprising a stack 30 
containing a plurality of unit cells laminated, com- 
pressed and retained via a retaining plate, said unit 
cell comprising a pair of electrodes sandwiching a 
polymer electrolyte membrane therebetween and 
conductive separator plates having a gas supply 35 
channel on at least one surface thereof and sand- 
wiching said electrodes therebetween, 

wherein said retaining plate forms a gap be- 
tween said unit cells. 

40 

2. The polymer electrolyte fuel cell in accordance with 
claim 1, wherein said retaining plate is composed 
of two plates having an undulate cross section and 
has hollow sections which are separated from one 
another, and a cooling water flows through said hoi- *s 
low sections between said unit cells. 



3. The polymer electrolyte fuel cell in accordance with 
claim 1, wherein said conductive separator plate is 
provided for every two unit cells and has a cooling so 
water flow channel, and said retaining plate is pro- 
vided for every one cell module comprising a plu- 
rality of said unit cells. 



4. The polymer electrolyte fuel cell in accordance with ss 
claim 1, comprising a voltage measurement jig and 
a voltage display device for said unit cell. 
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